The presence of members of the family Helicobacteraceae in the colon of children was investigated using PCR, denaturing gradient gel electrophoresis, and fluorescent in situ hybridization. The rate of detection of species belonging to the Helicobacteraceae family in children with inflammatory bowel disease (92%) and irritable bowel syndrome (100%) was found to be significantly higher than that in healthy children (25%) (P < 0.05).
The presence of members of the family Helicobacteraceae in the colon of children was investigated using PCR, denaturing gradient gel electrophoresis, and fluorescent in situ hybridization. The rate of detection of species belonging to the Helicobacteraceae family in children with inflammatory bowel disease (92%) and irritable bowel syndrome (100%) was found to be significantly higher than that in healthy children (25%) (P < 0.05).
Helicobacter species are gram-negative curved to spiralshaped bacteria that naturally colonize the mucus layer of the gastrointestinal tract of a range of mammalian hosts (15) . Based on their preferential site of colonization, species of the Helicobacter genus have been divided into gastric and enterohepatic subgroups. Helicobacters in the gastric group, represented by Helicobacter pylori, have been associated with gastritis and other gastric disorders (15, 16) . Enterohepatic Helicobacter species, which colonize the intestine and hepatobiliary system, have been linked to chronic hepatic and intestinal diseases (9, 16) as well as inflammatory bowel disease (IBD) in immunodeficient rodents (10, 13) . The role of Helicobacter species in human IBD is currently controversial (4, 5, 19) .
In this study, we assessed the presence and spatial distribution of members of the Helicobacteraceae family (genera Helicobacter and Wolinella) in the colon of 21 children (16/21 male, aged 3 to 15 years) undergoing diagnostic colonoscopy and determined their association with colonic inflammation. The H. pylori status of all children, as assessed by histological examination and rapid urease testing of gastric biopsies, showed that 20/21 children were negative for H. pylori.
Three colonic biopsies were collected from each child at colonoscopy. One biopsy was fixed in 10% neutral formalin for routine histological examination, the second biopsy was fixed in Carnoy's fixative for fluorescent rRNA in situ hybridization (FISH) analysis and Alcian blue-periodic acid-Schiff (PAS) staining, and the third biopsy was placed directly into 600 l of lysis buffer (Gentra Systems, Minneapolis, Minn.) for DNA extraction.
DNA was extracted from freshly collected biopsy tissues using the PUREGENE DNA extraction kit (Gentra Systems, Minneapolis, Minn.). The16S rRNA gene of members of the family Helicobacteraceae was amplified by PCR using primers H276f and H676r with modified thermal cycle conditions (18) . Hot-start PCRs were performed in a 25-l volume containing 10 pmol of each primer, 1ϫ PCR buffer (Fisher Biotech), 200 nM concentrations of each nucleotide triphosphate, 1.5 mM MgCl 2 , and 200 to 250 ng of extracted DNA. Thermal cycling conditions were 94°C for 5 min and 35 cycles of 94°C for 5 s, 57°C for 5 s, and 72°C for 30 s. Twenty-microliter PCR products were examined on a 1.5% agarose gel. PCR-denaturing gradient gel electrophoresis (DGGE) analysis was conducted according to a method described previously by Grehan et al. (11) . Individual DGGE bands were excised and sequenced.
Slides prepared from biopsies fixed in Carnoy's fixative were subjected to FISH analysis using three probes: probe Eu338 coupled with Cy3 to target all bacteria and probes HEL276/ HEL715 coupled with fluorescein to target species of the family Helicobacteraceae (1, 16) . Slides prepared from biopsy tissues fixed in Carnoy's fixative were also stained with Alcian blue-PAS to assess the mucus status (3, 7). Mucus thickness was measured between two intact crypts to ensure that the thickness was not influenced by the angle of sectioning. Ten random positions between the crypts in each biopsy were measured using the Adobe Photoshop 7.0 measuring tool.
Of the 21 children examined, 12 were diagnosed with IBD (11 with Crohn's disease [CD] and 1 with ulcerative colitis) and 5 were diagnosed with irritable bowel syndrome (IBS) (8) . At the time of scheduled colonoscopy, the gastrointestinal symptoms of the remaining four children were no longer present; however, due to the anxiety of their parents, colonoscopy was still performed. All four children had suffered symptoms for a short duration (Ͻ3 months) and had normal histology. Based on these findings, they were classified as normal.
Members of the Helicobacteraceae were detected in 11/12 children with IBD and 5/5 children with IBS, which was significantly higher than in healthy children (1/4 children) (P Ͻ 0.05; Fisher's exact test); there was no significant difference between the IBD and IBS groups. DNA from 14 biopsies (nine children with IBD, four children with IBS, and one healthy child) that was positive for Helicobacteraceae by PCR was available for DGGE analysis. Four of the biopsies examined showed a single DGGE band, while in the remaining 10 biopsies, multiple DGGE bands varying from two to four bands were observed. Representative DGGE banding profiles are shown in Fig. 1 . No specific DGGE profile was associated with either IBD or IBS. Sequencing of the individual DGGE bands generated a DNA sequence of 392 bp, and a BLAST search of GenBank revealed that they were similar to a range of species from the family Helicobacteraceae (GenBank accession numbers DQ218043 to DQ218048).
Fourteen biopsy specimens, 10 from children with CD and 4 from children with IBS, were available for FISH analysis and mucus staining. For 7/14 biopsy samples, EUB338-positive signals (all bacteria) were detected in the mucus layer but not in the crypts. Signals that were positive for Helicobacteraceae were detected in the mucus layer of four children, two with IBS and two with CD. Representative results of the FISH analysis are shown in Fig. 2 .
While an intact layer of mucus was observed in all biopsy samples from children with IBS (Fig. 3A) , in children with CD, the mucus layer appeared thinner (Fig. 3B ) or in some cases partially lost (Fig. 3C) . The thickness of the mucus layer in children with CD was 0.84 m Ϯ 0.68 m (mean Ϯ standard deviation), and the mean thickness of the mucus layer in children with IBS was 3.30 m Ϯ 1.24 m. The mucus thickness in the CD group was found to be significantly thinner than that in the IBS group (P Ͻ 0.001; unpaired t test).
The rate of detection of members of the family Helicobacteraceae by PCR (11/12 in the IBD group, 5/5 in the IBS group, and 1/4 in healthy children) in our study was significantly higher than that previously reported (5, 19) . While this may be explained by the fact that our study examined children and other studies examined adults, two technical factors may also have contributed to our high detection rate. First, we observed that for successful detection of these organisms by PCR, sufficient template DNA is essential (200 ng to 250 ng DNA). Second, we extracted DNA from freshly collected biopsy samples; thus, no freezing and thawing was involved, a procedure that is likely to affect the detection of bacteria present in low numbers.
Separation of the amplified 16S rRNA gene by DGGE showed that a high percentage (71%) of biopsy samples had more than one band. Sequencing of the DGGE bands showed that multiple species of the family Helicobacteraceae were present. This finding is consistent with a recent South African study that reported that between two and five Campylobacter-like and Helicobacter-like organisms were frequently recovered from stools of diarrheic children (14) . In addition, Haggerty et al. previously reported the detection of multiple non-H. pylori helicobacters in DNA extracted from feces of young children (12) .
As FISH-positive signals are based upon the binding of specific labeled probes to 16S rRNA gene molecules, the presence of viable organisms is essential. Positive FISH signals for FIG. 1. Representative DGGE banding patterns observed in this study. Bands at positions B1 to B6 were sequenced. B1, B2, B3, and B4 were similar to Helicobacter ganmani (99%), W. succinogenes (99%), Helicobacter hepaticus (100%), and H. pylori (99%), respectively. B5 was similar to Helicobacter bilis (100%) and Helicobacter cinaedi (100%). B6 was similar to Helicobacter trogontum and "Helicobacter rappini" (proposed name) (100%).
FIG. 2. FISH analysis of sections cut from biopsy samples. (A)
Bacteria were seen only in the mucus layer and not in the intestinal crypts. (B) Positive signal of the Helicobacteraceae. The general bacterial probe EUB338 was coupled with Cy3, and the probes HEL276/HEL715, which target species of the family Helicobacteraceae, were coupled with fluorescein. Organisms that were not members of the family Helicobacteraceae are shown in red due to hybridization with EUB338 only. Organisms from the family Helicobacteraceae appear yellow, as they hybridize with both the EUB338 (red) probe and the HEL276/HEL715(green) probes. Magnification, ϫ1,000. , thus providing evidence that these organisms are viable. While this may be seen as a low rate of detection, this finding is not unexpected. The low numbers of target bacteria and the slow growth rate of these organisms would have resulted in a reduction in the detection of these organisms. As Helicobacter species colonize the mucus layer of the intestinal tract, the status of mucus in the biopsies is also likely to affect the detection of these organisms by FISH. Examination of the mucus layer revealed that in many of the CD children, the mucus layer was depleted or partially lost at sites of inflammation, with the thickness being significantly less than that for children with IBS. Such findings suggest that future studies aimed at the detection of Helicobacteraceae in the intestinal tract using biopsies from patients with IBD should optimally include biopsies from both inflamed and noninflamed areas. To our knowledge, detection of organisms closely related to Wolinella succinogenes in the colon of children represents the first documented report of this organism inhabiting the gastrointestinal tract of humans. W. succinogenes, initially isolated from the rumen of cattle, has been considered to be a nonpathogenic organism (20) . However, complete genome sequencing of W. succinogenes has revealed that this organism shares 1,269 of its 2,046 genes with H. pylori and Campylobacter jejuni, many of which were identified as virulence factors (2) . Interestingly, W. succinogenes was recently detected in gastric biopsies from a sea lion with gastritis (17) . Our finding of W. succinogenes in the intestinal tract of children with gastrointestinal symptoms suggests that the status of this organism as a nonpathogen may need to be reevaluated.
In summary, for the first time, we have detected viable organisms similar to members of the family Helicobacteraceae in the intestinal tract of children and have demonstrated that these organisms colonize the mucus layers of the human intestine. Given that Helicobacter species can induce IBD in immunodeficient mice, the high prevalence of Helicobacter species in the biopsy samples of children with IBD and IBS should prompt further studies to investigate their possible role in human IBD.
